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ViIIEYAGUaculttredy Species Group

Economic Value
($US Billion)

Marine Plants
(CLEEEED)
US$5.6 billion

Molluscs

4

46.2%
Finfish,
Molluscs,
Other Crustaceans
0.1% US$17.40 billion

Source: FAO, The State of World Fisheries and Aguaculture 2002



NErRugpAImEdcan Aquaculture

Finfish
78.1%

Source: FAO, Review of the State of World Aquaculture 2003



=asEiVieretlturein the Nor theast

Jfllmom, Corl J‘bﬂmf' =lounder, Halibut
a Tanks

’

BSummer Flounder, Black Sea Bass, Striped Bass
Hybrid



Obstacles to 'the Growth of Marine
Aeltizietifiy It heU.S.

|

OASISINZONEUSE CONMICES ‘
SMMILIICEN 5m lease application processes

20)(1 JOJJrIfdeWJ 2pvirenmental regulations
EPA, Clean Water Act

Lack cost-effective technology for management of
effluent & dﬂid wastes
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n.ear finfish

THENGEENI IO/ /ACILCH [,
CompletelyAcovering rock
Jn'ter't]dal -
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HOVAGEWENNCrease aguaculture
production without exacerbating
Alitent loading of coastal



Seaweed Aguacultur e
»

Economic Value

a (BUS Million)
. Undaria
ucheum : -
pinnatifida
| COHO""% US$148.9 million R 14.9
- US$43.9 million million

orphyra
-

$1183.2

illion

Porphyra spp.
1011.0 tmt
Laminaria
<l japonica
Laminaria US$2811.4
japonica million

4580.1 tmt

Source: FAO, Review of the State of World Aquaculture 2003



aw r aterial
(UA $/mt)
- 400,004

0
0,000 t.iég

32 25,000 1056

So 550,000 18
Fe iIi | 10 10,000 500
Seaweed Meal  ~ 1C 50,000 100
Phar maceutical: 3 X000 ?

nutraceuticals, botanicals,
pigments, bioactive compounds
Total 665 1,598,000

Source: Hanisak (1998); Porse (1998); Zemke & Ohn (1999);

FAQO 2000; Chopin et al. 2001; and McHugh (2001)

imWerldwWide Economic VValue of Seaweeds
Uzee) rorJ jelusi aJJConsumptlon

Product
(mt) (US$mt)
~25,000 9,600
~23,000 9,174
~7,500 17,600
~510,000 20
~1,000 500
~10,000 5,000
600 ?
~577,100



_ rganic aquaculture of
shellfish and extractive inorganic
aquaculture of seaweed



e Examples

| Drezarr -+ Ulva abalone + fish + Ulva;
IS MOoIIUSE + 8/
SSeaweedibioniter - < i Fttiifbot; NVacrocystis +

JfﬂJfJ
ina: Shrimpi+cral + s; mussel + scallop
-+ Larninariz/ Uncdéarizr;, ; fish + seagrass+
Kappaphycus y
Flfance: ﬁvvrlge theatmen tem &Va
Havwai (USAYE shrmp;+ ;r
Japan: SfJfJffJO -+ Ulvél i '

| I—
»

&) (W Q))
m =

()
.ﬂ_

Philippin _'rr N rway) sea urchin/sea
cucumber + 2/

Portugal: seaweed biofilter — + Seabream
South Africa: finfish aguaculture effluent +

Southeast Asia: shrimp + seaweeds (primarily )
Australia: shrimp + oyster +

(modified, in part, from Ik Kyo Chung)




“Cultivation &
harvesting of
Porphyra

| (courtesy of
M. Notoya &
C.H. Sohn)



(possibility of Gfﬁ-N DW)
= high protein content (up to 50% DW)

= salable harvest (nori, high-value r-phycoerythrin,
source of Omega-3 & 6 fatty acids, several aa,
feed additives, MAAs, vitamin C and mineral salts)
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@I (courtesy 1. Levine)




-t

DVAG erors (1999) PENS. comm.)
> 7. Orkofe P and 45%}@ C eleased into the
Waterrcollimn per ton of fish per year

(McVey et al. 2002)
eduction in biodiversity
— Toxic to fish in tank culture

B NH, -> NH; (toxic to fish)
— Conversion to NHs is pH dependent



SEiEssproduction and
pubentiEnoeval of Porphyra
WithgltS-6"months in China

(courtesy of X.G. Fai)

-

e 50 - --- 60 wt/ha
| (6,209 1.86 3.72
P (0.58%) | 0.17 0.35




ated Aguaculture
. -
Project
SNitenyaleRalmultuFnstitttional effort
— UCanll UNrJ SUNY, UNB, Great Bay Aguaculture, BRVAS,
VISIRERSEIENtIStS Tifom China, %:1, Mexico

merJ threugh NOAA OAR
J@rant (CT, NH, NY), NMAI, & International Programs

Goalk Develop Modular Integrated
i I ng Aguaculture System (MIRAS)

— Co, Summer Flounder, Black Sea Bass

— Native Porphyra species

® Application

— Hatcheries, nurseries, tank-based grow-out operations
B Great Bay Aquaculture

— Urban aquaculture




B | . I
an\ aptional Finfish
LIJEITlf A_ﬁg aculture System

l Food “New” Water
NEE

- ' O2 Injector

i,

CO: Stripper

T Fish Tank
NOs < NH ¥ \jechanical ~

Bio Filter Filter

Solid Waste



tegreied Finfish/Porphyra
<ec]rculat]mg Agliaculture System

Food “New” Water

s,

aste

Porphyra Tank I Fish Tank

Mechanical
Filter

Solid Waste



tEgiEeiEedsAgUaculture Proj ect

J Horgnyeel
/(ollerz Jrlermr/, J;*]n‘”r‘-”e ultures from native
SPECIES CINZO/ /Y1
— [DEERMINE optimum conditions for growth,
NUtHEnt uow'/“ , and pigment production
B Temperature, Light, Nutrients, Stocking Density
\ ' - Determine growth rates
— Determi trient uptake rates
— Determine pigment production rates
— Develop mass culture technigues
B Production of sporlings
B Grow-out of blades



0l ecty i "n'ir.]'f.v andilinitiate Cultures from
EIVEISPEEIES Of Porphyra
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: Tissue N

—(O— amplissima
—ll— purpurea
—W— leucosticta

Tissue N Content (% DW)

100 200 300

Ammonium Conc. (UM)



'S: Bloremediation (3.5 day batch)

P. amplissima oNH4+ mPO43-

-

% removal

25 13 150

NH," concentration (uM)

300



ents for Bioremediation

80% reduction in N load during 8-h lighted "day"
(load = 195 L min™ X 150 pM N = 25 g N hr')

Biomass Required (kg)




o
10 m Results:
oduction

due to archeaospore
production




S INn Porphyra dioca:.
s of old plants new
egetatively.



fpltegreiiec \| )aculture Project

54 S ummer Flounder)
LERMIne oorlraurr onditions for growth

“NEmperature; Feeding Rates, Nutrient
tolerance, Stocking Density

Determine growth rates
Determine Wrtrlent production rates

e



_ Deve op Ope tig Models

B Optimize pi %ﬁtion of fish, seaweed, pigment and nutrient
removal

\

— Develop economic models
— Technology Transfer
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tegrated Aguaculture
didEreatBay Aquaculture




11-13 =« 14<

8-10

—— 4cm> 8- 5-7

(p/9%) 812y Ymo.o a130eds

Time (week)




Izl Bgsults from
ViEhalnipl/ssiima Demonstration
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Courtesy Anne Hurtado




SEEWEEC farming low
LEG nobr ,methods

Seedling selectlon‘&id' tre tie” NG 1 T, planting

-
hgm ';'EL' -
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K. alvaf'z"'-!-lzk
K. alvarezii st42 109 (0.01)
E =

Jan-01

#

K.alvarezii st1 1.32 (0.20)

Annual Production in Xincun Bay (1999)

2000 mt

tion In

2795 (2.33)
26.60 (0.18)

25.58 (1.22)

May

Xincun Bay
| |

C:N P
12.72 (0.92) 0.112 (0.007)
21.16 (1.18) 0.154 (0.005)
22.56 (2.79) 0.144 (0.024)
23.08 (0.94) 0.187 (0.005)
24.47 (0.28) 0.223 (0.011)
28.56 (0.30)  0.209 (0.004)
22.90 (2.66) 0.17 (0.01)
Potential nutrient removal by algae
\ P
53.8 mt 2.24 mt
28.8 mt 3.66 mt

November
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